Fundamental prospective research has become increasingly important for modern enterprises to maintain the vitality and the momentum of development at present. Extracting the success factors of international advanced enterprises in this field by common characteristics mining and analysis can provide reference for other enterprises. In order to reach this aim, this paper constructs the index system with two aspects: enterprise scale and R&D situation, and builds the corresponding clustering evolution matrices based on the hierarchical clustering method. The similarity degrees between the matrices of these two aspects are calculated in different indexes selections after the adjustment of matrices by pattern best-matching algorithm. And by comparison of the similarity degrees, common characteristics of fundamental prospective research of international advanced enterprises can be discovered.
INTRODUCTION
Under the global rapid economic and technological development, there is no doubt that prospective study is the key for enterprises to keep up with the times. Through fundamental prospective research, the enterprises can deepen the core values, grasp technological development direction, reasonably schedule internal resources and maintain the vitality. Fundamental prospective research contains fundamental research, which is the academic research work to get the basic theory or the inherent law of the object, and prospective research, which is the research work to explore and perceive the theory and technological development of the future (Li, 1991) . Thus, for modern enterprises, fundamental prospective research is a series of procedures to devote certain human, financial and material resources, and explore the technologies and their future development, combined with relevant theoretical knowledge and methods.
Developed countries have long been engaged in prospective research. At the end of 1960s, British industry pioneered technological prospective research. By 2010, the first round of large-scale technological forecasting project had gotten started in Britain, which contained 53 key technologies (Li, 2014) . Japan Science and Technology Department has forecasted technologies every five years since 1970, and scientifically explored the research and development field with obvious economic and social benefits, based on information collection and analysis of other countries (Zuo, 2014) . The United States, moreover, began to systematically establish the technology foresight mechanism in 1937 (Gu, 2013) . Comparatively, the prospective research started latter in China, but many experts and institutions have begun to pay attention to it. For example, China Electric Power Research Institute held a planning conference about fundamental prospective research and joint research with universities in 2015. In addition, China has also set up a National Technology Foresight Research Group to analyze the future trends of technologies from five aspects including enhancing the core competitiveness of key industries and seizing the commanding heights of the frontier technologies (National Technology Foresight Research Group, 2008) .
The vitality of the enterprise always depends on its ability to move forward, and the research work are more or less associated with the fundamental prospective research. According to the statistics of China Science and Technology Statistics Yearbook 2014, the national R&D investment in China has been risen to RMB 1184.67 billion in 2013 from RMB 89.57 billion in 2000. And the R&D investment of enterprises in 2013, RMB 831.8 billion, accounts for about 70% of the whole. The industries, including electronic communication, automobile manufacturing, equipment manufacturing, chemical manufacturing and metal smelting, share a large proportion. The large R&D investment of enterprises provides strong support for the modernization development of China's industry and commerce. Since the investment strength on R&D is increased year by year, it is obvious that science and technology R&D work has been given significant attention in China. However, there are still some gaps between China and advanced countries. For instance, in 2012, the R&D expenditure reached $453 billion in America, equivalent to RMB 2894.6 billion, 2.81 times the expenditure in China at the same year.
Although the national R&D investment or the research contents of enterprises may be different, the implementation ways for fundamental prospective research of international advanced enterprises are entirely possible to have similarities. Learning the experience, such as research pattern or capital input, from other advanced enterprises to improve the efficiency and effectiveness of fundamental prospective research is important for enterprises. Therefore, this paper presents a clustering evolution analytical method to help the enterprises to find out these potential common characteristics.
LITERATURE REVIEW AND INDEX SELECTION
For fundamental prospective research, at present, the majority of the study of domestic and foreign scholars on this field are technological forecasting models (Boutellier, 2008; Chen, 2012; Abdollahi, 2008; Martino, 2010; Wang, 2013) , the results of which are relatively independent among the enterprises or industries. And some scholars analyzed the characteristics of enterprise innovation. Qin investigated the innovation characteristics of small and medium enterprises in Deyang, Sichuan Province, and summarized the relationships between enterprise innovation and the factors like number of patents, industry category, enterprise ownership, enterprise scale and government support (Qin, Zhou and Yin, 2012) . Zhang analyzed the factors including motivation, type, novelty and investment according to the survey of national innovative enterprises (Zhang, 2013) . Xing used statistical methods to analyze the technological innovation characteristics of enterprises of China's strategic emerging industries from fundamental research, R&D investment, innovative manners and innovators (Xing and Wei, 2013) . Zhang studied from enterprise open innovation base on inductive analysis method, which contained technical requirements, competitive position, enterprise performance and innovative approaches (Zhang, Chen and Chen, 2014) . Rafael focused on the relationship between innovative and organizational level including personnel ability, structure and consciousness based on the group storytelling approach (Escalfoni, Braganholo and Borges, 2009 ). In general, most of these studies used traditional simple statistical methods. This paper presents a new clustering evolution analytical method to explore and estimate the common characteristics of fundamental prospective research of international advanced enterprises to help the enterprises to improve the quality of technical research and innovation.
Taking the above literature as reference, this paper selects fund investment, personnel input, patent, enterprise scale and other aspects to investigate the characteristics. And enterprise scale can be measured by factors such as revenue status and total assets, while the other aspects mentioned above can be regarded as subfactors of R&D situation. Thus, specifically, the indexes are selected as follows:
(1) The aspect of enterprise scale Enterprise scale restricts the resource that enterprise can use, so that it also has an impact on the implement of R&D work. As the main result of enterprise operation and the main source of profit, operation revenue reflects the enterprise's ability to obtain income from the main business. Net profit is the return on business, which indicates the profitability. Total assets, the data express all of the assets owned or controlled by the enterprise, are an important factor to measure scale. And the number of employees, reflecting scale from the level of labor force but easily affected by national population base, may not a good index. Therefore, these indexes: operation revenue, net profit and total assets, are selected to describe the scale of enterprise.
(2) The aspect of R&D situation The fundamental prospective research can't be implemented without the R&D fund investment or personnel input, so these two and other infectors reflecting the R&D capability have a direct impact on the research. 1) Fund investment. R&D expenses show the level of attention of enterprise to the research work in monetary form. To avoid a special situation of a single year, mean of R&D expenses in recent years can be better for the analysis. Annual growth rate of R&D expenses can reflect the growth performance of R&D. And the proportion of fundamental prospective research expenses in total R&D expenses can describe the importance and actual situation of the research in the enterprise.
2) Personnel input. The number of R&D personnel reflects from the level of labor force. But likewise, it can be affected by national population base or the number of enterprise employees so that the statistical absolute amount may be biased for the comparison of personnel input. Thus, the proportion of it in all the employees can be a good selection to avoid this problem.
3) Other infectors. At present, most of the advanced enterprises have R&D centers. Because of the differences in the quality of equipment and the number and qualifications of staffs, R&D centers should be compared qualitatively, so should the cooperation with external research institutions. The fundamental prospective research direction of enterprise has a great relationship with its products and business field, and it is difficult to quantitatively analyze. As for the patent, due to the similarity of the standard for patent licensing in the world and the representativeness of R&D achievements, the number of patents can be one of the indexes.
Thus, mean of R&D expenses, annual growth rate of R&D expenses, the proportion of fundamental prospective research expenses, the proportion of R&D personnel and the annual number of patents are selected to be the quantitative indexes to measure the R&D situation of enterprise. And the qualitative indexes are R&D centers, qualifications of R&D personnel, cooperation with external research institutions and fundamental prospective research direction. Table1 displays all of the indexes. 
COMMON CHARACTERISTICS MODEL BASED ON CLUSTERING EVOLUTION ANALYSIS

Hierarchical clustering method
As a widely used and unsupervised data mining method, cluster analysis can divide the observations into groups based on their pair wise similarity or distance. And hierarchical clustering method is one of the most commonly used methods in cluster analysis. In this method, the clustering relation of each observation is displayed in the hierarchical diagram by the clustering order, so that the clustering process can be shown clearly. Hierarchical clustering method has two clustering ways: combined and split, and the combined way is used more commonly. Assume that there are N observations, and the distances are calculated by squared Euclidean distance. So the processes of combined hierarchical clustering method are as follows:
(1) Each of the observations cluster respectively first, N categories in total. 
In the matrix,
(4) Cluster the two categories with minimum distance, i.e. the minimum value except 0. (5) Recalculate to get the new distance matrix D . (6) Cycle step (4) and step (5) till all of the observations are clustered into one category.
Clustering evolution analysis
In common cluster analysis, only one of the numbers of categories, which meets the actual need and is accompanied by better statistics, can be regarded as the result. But actually, changes of the number of categories from the largest to the smallest can reflect the whole clustering process. 
That means ij c is the category number of observation j when the number of categories is i . And it is not difficult to see that, in the matrix, 1 1, ( 1, 2, , ) 
In the expression, . And increasing K one by one from 1 to N can lead to all similarity degrees of the whole two clustering processes between aspect A and aspect B.
Pattern best-matching algorithm
For the clustering results, different distribution of category numbers may lead to different similarity degrees. So at least one of the matrices should be adjusted before similarity degree calculation to maximize the matching degree of these two matrices. That is pattern best-matching algorithm. For the clustering evolution matrices 
, , , , ,
This algorithm can be achieved by the software MATLAB. The core code is as follows: 
----------------------
Common characteristics model
On the basis of the models and the algorithm above, the common characteristics model of enterprises fundamental prospective research can be achieved by the following steps:
(1) Select all three indexes at the aspect of enterprise scale to build the clustering evolution matrix 
CASE STUDY
In order to analyze the common characteristics of fundamental prospective research of international advanced enterprises, select 17 top 500 enterprises in the world, including Royal Dutch Shell, China National Petroleum Corporation (CNPC), Germany Volkswagen, Samsung Electronics and others, as the study objects. And collect data for the above indexes from Comparative Analysis Report of the World's Top 500 Power Enterprises in 2014, the annual reports of each enterprise and other available ways. Following the steps, firstly, respectively cluster the 17 enterprises from the aspect of enterprise scale and the aspect of R&D situation with 31 indexes selection ways by hierarchical clustering method in software SPSS, to obtain the corresponding 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1   1 1 1 1 2 2 1 2 2 1 1 2 1 
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Likewise, the similarity degrees of other 30 indexes selection ways can be calculated. Then taking the similarity degrees as the ordinate, the numbers of categories as the abscissa, the line graph of the similarity degrees, Figure 1 , can be obtained. ,, B B B performs best, but the similarity degree is only 0.47 at the number of categories 6. That means, with the constraint of enterprise scale, these three indexes, annual growth rate of R&D expenses, proportion of fundamental prospective research expenses and annual number of patents, show better similarity but still not significant. As for the rest two indexes, mean of R&D expenses and proportion of R&D personnel, with the hierarchical diagram (Figure 2 ) obtained from hierarchical clustering method at the index set   14 , BB , it can be easy to discover that the clustering process reflects the industry classification. In general, energy and electric power enterprises are more concentrated, so are electronic product enterprises or automobile manufacturing enterprises, which means the common characteristics at these two indexes are easily affected by the type of industry. In addition, Figure 3 for the index set     1  2  3  4  5 , , , , B B B B B can also convey this information. , , , B B B B are mostly over 0.7. So enterprises in the same industry have common characteristics in mean of R&D expenses, annual growth rate of R&D expenses, proportion of fundamental prospective research expenses, proportion of R&D personnel and annual number of patents, and the similarity is significant especially for the first four.
As for the qualitative indexes, among the 17 top 500 enterprises, all have R&D centers and most have R&D centers abroad. For example, Royal Dutch Shell has built the R&D centers in Dutch, India, America, China, Germany, etc. And Toyota has built in Japan, America, some European countries and Asian-Pacific countries. The college graduates and professional engineers account for a large part among the R&D personnel. For example, Samsung Electronics pays great attention to the proportion of master graduates and PhD graduates, and it often sends the R&D staffs to pursue advanced studies abroad. And every enterprise is paying more attention to the cooperation with other social research organizations such as universities and research institutes. For instance, TOTAL has been cooperative partners with about 1000 academic or professional research institutions and industrial groups. However, for the fundamental prospective research direction, enterprises in different industries have obvious difference, but still have few similarities, such as information technology and data mining technology, while enterprises in the same industry show great similarity.
CONCLUSIONS AND SUGGESTIONS
This paper has analyzed the common characteristics of fundamental prospective research of international advanced enterprises, built the clustering evolution matrices based on hierarchical clustering method from two aspects, enterprise scale and R&D situation, used the pattern best-matching algorithm to adjust the category numbers in the matrices, and calculated the similarity degrees of the two clustering processes. Conclusions and suggestions are as follows:
(1) For enterprises in different industries, because of the different basic requirements on science and technology for industries, the R&D situation absolute quantities may be different. So the analysis of the common characteristics of fundamental prospective research should be combined with the whole industry characteristics. The common characteristics between enterprises in the industry with high average level of science and technology and enterprises in the low level industry can be not significant. Thus, qualitative analysis should be the main method for reference and inspiration among these enterprises, e.g. reference required enterprises can have some insight into the equipment and staffing level of R&D centers and the development level of the prospective technology in its own industry of advanced enterprises. However, the common characteristics are significant for enterprises in the industries with little difference on average level of science and technology. Then the combination of qualitative and quantitative methods can be a good way to learn the research patterns of advanced enterprises.
(2) The common characteristics among advanced enterprises in the same industry are more significant. So mean of R&D expenses, annual growth rate of R&D expenses, proportion of fundamental prospective research expenses, proportion of R&D personnel and annual number of patents of the advanced enterprises can all be used for reference. Facing fierce market competition, advanced enterprises have to advance their products and service with the times and constantly innovate and develop by dint of R&D work. Every aspect of their R&D situation has to keep leading to ensure that the production technology and capacity of their own can follow the development of the international advanced level. Thus, reference required enterprises can thoroughly analyze the fundamental prospective research situation of advanced enterprises in the same industry based on the indexes mentioned above, and combine their own scales and capacity to learn so that they can keep the vitality, improve the competitiveness and help the whole industry to move forward.
(3) The domestic and international advanced enterprises also have common characteristics on the R&D centers, the qualifications of R&D personnel and the cooperation with external research institutions. The quality and development degree of the fundamental prospective research of enterprises, on the one hand relate to the quantitative R&D investment and proportion of R&D personnel, on the other hand have a connection with the resources quality inputted to the research. So in order to improve the efficiency and effectiveness of the research, enterprises should also pay attention to the infectors like technical equipment and talent quality, grasp the direction of technology development in the industry, and deepen the cooperation with other research institutions and universities by learning from advanced enterprises.
